Introduction {#sec1}
============

Fused nitrogen containing heterocyclic ring systems is a key structural motif in many natural products and pharmaceutically active compounds.^[@ref1]−[@ref3]^ As a result, these ring systems are often considered as important backbones in the design of new drugs. Among fused *N-*heteroaromatic substances, those containing pyrazolo\[1,5-*a*\]pyridine and pyrido\[1,2-*b*\]indazole ring systems are medicinally important owing to their anti-viral,^[@ref4]^ -cancer,^[@ref5]^ -inflammatory,^[@ref6]^ -fungal,^[@ref7]^ and -tubercular activities.^[@ref8],[@ref9]^ Moreover, the pyrazolopyridine ring system is present in the known dopamine D3 agonist and D4 antagonist shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}.^[@ref5]^ Consequently, drugs containing this structural framework have been developed for the treatment of many neurological and central nervous system disorders like Parkinson's disease, schizophrenia, anxiety, unipolar major depression, and attention deficit disorder.^[@ref10]−[@ref12]^ In addition, substituted pyrazolo\[1,5-*a*\]pyridines and pyrido\[1,2-*b*\]indazoles have been observed to have potent antiherpetic^[@ref13]^ and diuretic activities ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).^[@ref14]^ Finally, several pyrazolo\[1,5-*a*\]pyridine derivatives are known to be selective p38 inhibitors.^[@ref15]^

![Examples of biologically active pyrazolo\[1,5-*a*\]pyridines and pyrido\[1,2-*b*\]indazoles.](ao9b02430_0001){#fig1}

The elegant conceptual basis for and applications of cross-dehydrogenative coupling (CDC) reactions has greatly expanded in recent years. As a result, great progress has been made in developing new approaches for forming different types of bonds that are difficult to construct by using older classical methods.^[@ref16]−[@ref25]^ The CDC concept has been employed to devise new strategies to construct an assortment of bonds as part of sequences to generate complex organic substances. An important example is C--C bond formation, which can be carried out using intramolecular^[@ref26]−[@ref29]^ or intermolecular^[@ref30]−[@ref39]^ CDC reactions between two C--H bond bearing moieties. In addition, CDC reactions have been developed for C--O,^[@ref40],[@ref41]^ C--N,^[@ref42]−[@ref46]^ S--N,^[@ref47],[@ref48]^ C--S,^[@ref49],[@ref50]^ S-P,^[@ref51]^ and C--P^[@ref52],[@ref53]^ bond formation.

In comparison with their traditional cross-coupling counterparts, cross-dehydrogenative coupling reactions are sustainable owing to their green characteristics, including atom efficiency, step economy, and lack of prefunctionalization.^[@ref54],[@ref55]^ C(sp^2^)--H--C(sp^3^)--H cross-dehydrogenative coupling reactions are now among the most important methods for construction of C--C bonds in a single step. However, the methods developed for CDC to date usually require a catalyst to activate feebly reactive C(sp^3^)--H bonds. The catalysts typically used for this purpose include complexes of transition metals, like copper (Cu),^[@ref56]^ palladium (Pd),^[@ref57]^ gold (Au),^[@ref58]^ ruthenium (Ru),^[@ref23],[@ref59]^ iron (Fe),^[@ref60]^ iridium (Ir),,^[@ref61]^ vanadium (V),^[@ref62]^ and cobalt (Co).^[@ref63]^ In addition, some of the CDC processes are activated by nonmetal catalysts, such as iodine,^[@ref50],[@ref64]^ rose bengal,^[@ref65]^ 1,4-benzoquinone,^[@ref66]^ phenyliodonium diacetate,^[@ref67]^ and eosin.^[@ref68]^

In a continuation of efforts aimed at developing methods for the synthesis of novel fused *N-*heterocycles,^[@ref69]−[@ref74]^ our recent attention became focused on members of the pharmaceutically relevant pyrazolo\[1,5-*a*\]pyridine and pyrido\[1,2-*b*\]indazole families. Particular attention was given to devising novel aerobic, catalyst-free CDC processes that would produce these targets in an efficient and atom economical manner. The investigation described below demonstrates that simple cross-dehydrogenative coupling reactions of *N*-amino-2-iminopyridine derivatives with β-ketoesters and β-diketones, promoted by utilizing the green oxidant molecular oxygen (O~2~) and the mild reagent acetic acid, efficiently generate respective pyrazolo\[1,5-*a*\]pyridines and pyrido\[1,2-*b*\]indazoles.

Results and Discussion {#sec2}
======================

The most commonly utilized synthetic protocol to prepare pyrazolo\[1,5-*a*\]pyridines involves intermolecular \[3 + 2\] cycloaddition of *N*-iminopyridinium ylides with alkenes or alkynes as dipolarophiles ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}a).^[@ref75]^ Also, synthesis of these substances has been accomplished via intramolecular cyclizations of transient nitrenes^[@cit15b],[@ref76]^ and ethynylpyridines.^[@ref77],[@ref78]^ We envisaged that a novel and potentially more simple strategy for synthesis of substituted pyrazolo\[1,5-*a*\]pyridines and related pyrido\[1,2-*b*\]indazoles would involve cross-dehydrogenative coupling reactions between *N*-amino-2-iminopyridine derivatives and β-ketoesters and β-diketones ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}b).

![Previous (a) and Newly Developed (b) Routes for the Synthesis of Substituted Pyrazolo\[1,5-*a*\]pyridines](ao9b02430_0007){#sch1}

In an initial study designed to assess the viability of this approach, we explored the CDC reaction between *N*-aminopyridine **1a** and ethyl acetoacetate (**2a**). We observed that the reaction of 1-amino-2-imino-4-phenyl-1,2-dihydropyridine-3-carbonitrile (**1a)** (3 mmol) and **2a** (3 mmol) in refluxing ethanol (10 mL) under an air atmosphere for up to 48 h leads to quantitative recovery of the starting materials. Also, no reaction takes place between **1a** with **2a** under the same conditions when either Pd(OAc)~2~ (10 mol %) or Cu(OAc)~2~ is present. A screening effort showed that no reaction occurs between **1a** and **2a** when various other solvents, including acetonitrile, methanol, dioxane, propanol, H~2~O, and toluene, are employed. Interestingly, when acetic acid or DMF is used as solvent and Pd(OAc)~2~ (10 mol %) is employed as catalyst, reactions do take place to form the respective triazolo\[1,5-*a*\]pyridine derivatives **3a** (72%) and **3b** (74%). These substances presumably arise by reaction of the *N*-amino-2-iminopyridine **1a** with either acetic acid or DMF, [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}.

![Reactions of *N*-aminopyridine **1a** and Ethyl acetoacetate (**2a**) in HOAc and DMF in the Presence of Pd(OAc)~2~ To Form Triazolo\[1,5-*a*\]pyridines **3a** and **3b**, Respectively](ao9b02430_0008){#sch2}

Rewardingly, when acetic acid (0.36 g, 2 equiv) is present, the reaction of **1a** and **2a** in ethanol under an air atmosphere does take place to form the desired 7-amino-6-cyano-2-methyl-5-phenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4a**, 34%) ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}) ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 1). The structure of **4a** was assigned using spectroscopic methods and comparisons of the data to those of related substances that are characterized by using X-ray crystallographic analysis (see below). For example, the ^1^H NMR spectrum of **4a** contains resonances corresponding to ethyl (1.32 ppm, t) and (4.30 ppm, q), CH~3~ (2.62 ppm, s), *H*-5 pyridine (7.20 ppm, s), NH~2~ (7.76 ppm, s), and phenyl \[7.48--7.54 (3H, m) and 7.58--7.59 (2H, m)\] moieties. Moreover, as anticipated for **4a**, the ^13^C NMR spectrum contains 16 characteristic resonances and the HRMS contains a mass peak at *m*/*z* 320.1268 associated with the molecular formula C~18~H~16~N~4~O~2~.

###### Reaction of *N*-aminopyridine **1a** and Ethyl acetoacetate (**2a**) in Ethanol Containing Acetic Acid To Form Pyrazolo\[1,5-*a*\]pyridine **4a**[a](#t1fn1){ref-type="table-fn"}

![](ao9b02430_0011){#fx1}

  entry   molar equiv. acid   atmosphere   percent yield **4a**
  ------- ------------------- ------------ ----------------------
  1       (HOAc) 2            air          34
  2       (HOAc) 4            air          52
  3       (HOAc) 6            air          74
  4       (HOAc) 6            O~2~         94
  5       (HOAc) 6            Ar           6
  6       (*p-*TSA) 1         O~2~         39
  7       (*p-*TSA) 2         O~2~         41
  8       (TFA) 1             O~2~         48
  9       (TFA) 2             O~2~         55

Reaction conditions: *N*-amino-2-imino-pyridine **1a** (3 mmol), ethyl acetoacetate (**2a**) (3 mmol), in ethanol (10 mL), under an atmosphere of air or O~2~ 1 atm at 130 °C for 18 h.

Experiments were conducted to determine the effect of acetic acid loading on the efficiency of the **4a** forming reaction of **1a** and **2a** under an air atmosphere. The results ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 2 and 3) show that increasing the loading of acetic acid from 2 to 4 to 6 equivalents leads to increases in the yield of **4a** from 34 to 52 to 74%, respectively. Moreover, using higher amounts of acetic acid (e. g., 8 equivalent) causes the process to become complicated by competitive formation of triazolo\[1,5-*a*\]pyridine derivatives **3a**. As a result, the maximum loading of acetic acid was maintained at 6 equivalents to prevent the formation of the undesired by-product (compound **3a)**. Importantly, the reaction between **1a** and **2a** carried out under molecular oxygen rather than an air atmosphere (1 atm) takes place to form **4a** in near quantitative yield (94%, [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 4). As expected, the yield of this process is significantly diminished (6%, [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 5) when an Ar atmosphere is utilized. This implies that the reaction is mostly driven by oxygen, thus confirming the proposed oxidative CDC route. Furthermore, utilizing a catalytic amount of strong Brønsted acids like *p*-toluenesulfonic acid (*p-*TSA) or trifluoroacetic acid (TFA) was found to be less effective under the optimal condition ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 6--9). It is worth mentioning that increasing the loading of TFA above 2 equivalents leads also to a side reaction between TFA and *N*-aminopyridine **1a**.

A study of the CDC reaction was conducted to explore its substrate scope. For this purpose, an assortment of *N*-amino-2-iminopyridines, including **1a--f**, and β-dicarbonyl compounds, including ethyl acetoacetate (**2a**), ethyl benzoylacetate (**2b**), methyl propionylacetate (**2c**), and acetylacetone (**2d**) were subjected to the optimal reaction conditions uncovered in the exploratory investigation (entry 4, [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). The results ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}) show that reactions between **1a**--**f** and **2a**--**d** generate the corresponding pyrazolo\[1,5-*a*\]pyridines **4a**--**v** and that the presence of either electron-withdrawing or electron-donating substituents on the aryl moiety in the *N*-amino-2-iminopyridine substrate does not have a remarkable effect on the course of the CDC process. In addition, because of their crystalline nature, **4i** and **4r** were subjected to X-ray crystallographic analysis, the results of which confirm their assigned structures (cf. [Figures [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}).

![Plot of X-ray crystallographic data for **4i**.](ao9b02430_0002){#fig2}

![Plot of X-ray crystallographic data for **4r**.](ao9b02430_0003){#fig3}

###### Acetic Acid-Promoted CDC Reactions of *N*-Amino-2-iminopyridines **1a**--**f** and β-Ketoesters/β-Diketones **2a--d**[a](#t2fn1){ref-type="table-fn"}

![](ao9b02430_0012){#fx2}
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![](ao9b02430_0014){#fx4}

Reaction conditions: *N*-amino-2-iminopyridine **1a**--**f** (3 mmol), β-ketoesters/β-diketones **2a**--**d** (3 mmol), in ethanol (10 mL) containing acetic acid (6 equiv), under an O~2~ atmosphere (1 atm) at 130 °C for 18 h.

The results of further studies demonstrated that the CDC reaction also occurs when cyclic 1,3-diketones are utilized as substrates. For example, the reaction of *N*-amino-2-iminopyridine **1a** and 5,5-dimethylcyclohexane-1,3-dione (dimedone, **5a**) under the optimized reaction conditions described above produces 7-aminotetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6a**) in 83% yield. The structure of **6a** was unambiguously assigned using spectrometric and X-ray crystallographic analysis ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}). Moreover, tetrahydropyrido\[1,2-*b*\]indazoles **6b**--**e** are efficiently formed (79--87%) in reactions of the respective *N*-aminopyridines **1b** and **1d**--**f** with dimedone (**5a**), and analogous CDC reactions take place between 1,3-cyclohexanedione (**5b**) and *N*-amino-2-iminopyridines **1a, 1d, 1e**, and **1f** to form the corresponding tetrahydropyrido\[1,2-*b*\]indazoles **6f**--**j** in high yields (80--90%) ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). The structures of two of these products, **6c** and **6d**, were assigned using X-ray crystallographic methods ([Figures [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"} and [6](#fig6){ref-type="fig"}**)**. Finally, *N*-amino-2-iminopyridines **1a** and **1b** react with 1,3-cyclopentanedione **7** and 3-oxo-3-phenylpropionitrile **9** under CDC reaction conditions to form the corresponding 2,3-dihydrocyclopenta\[3,4\]pyrazolo\[1,5-*a*\]pyridin-1-ones **8a** and **8b** (72 and 74% respective yields) and pyrazolo\[1,5-*a*\]pyridine-3,6-dicarbonitrile **10** ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Although the preparation of tetrahydropyrido\[1,2-*b*\]indazoles has been reported previously,^[@ref79]^ to the best of our knowledge, the CDC process developed in the current effort is the first to generate these substances in a direct (single step), versatile (large substrate scope), and environmentally friendly manner.

![Plot of X-ray crystallographic data for **6a**.](ao9b02430_0004){#fig4}

![Plot of X-ray crystallographic data for **6c**.](ao9b02430_0005){#fig5}

![Plot of X-ray crystallographic data for **6d**.](ao9b02430_0006){#fig6}

![CDC Reactions of *N*-amino-2-iminopyridines **1a** and **1b** with 1,3-Cyclopentanedione (**7**) and 3-Oxo-3-phenylpropionitrile **9**](ao9b02430_0009){#sch3}

###### CDC Reaction of *N*-amino-2-iminopyridines **1a**--**f** with Cyclic β-Diketones **5a,b**[a](#t3fn1){ref-type="table-fn"}
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Reaction conditions: *N*-amino-2-iminopyridine **1a**--**f** (3 mmol), cyclic β-diketones **5a,b** (3 mmol), in ethanol (10 mL) containing acetic acid (6 equiv), under an O~2~ atmosphere (1 atm) at 130 °C for 18 h.

A plausible mechanistic pathway for the CDC coupling reactions^[@ref80]^ described above is illustrated in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}. In one possible route, proton transfer from acetic acid activates *N*-amino-2-iminopyridine **1** for nucleophilic addition of the enol form of the β-dicarbonyl substrates **2** or **5**. The resulting adduct **A** then undergoes oxidative dehydrogenation via a reaction with molecular oxygen to form intermediate **B**, which cyclizes to generate **C** that loses water to produce the pyrazolo\[1,5-*a*\]pyridine **4** or pyrido\[1,2-*b*\]indazole **6** product. In an alternative mechanistic route, dehydration/cyclization of **A** precedes oxidative dehydrogenation.

![Plausible Mechanistic Pathway for the Formation of Pyrazolo\[1,5-*a*\]pyridines **4** and Pyrido\[1,2-*b*\]indazoles **6**](ao9b02430_0010){#sch4}

Conclusions {#sec3}
===========

In summary, the investigation described above led to the development of a unique CDC reaction between *N*-amino-2-iminopyridines derivatives and 1,3-dicarbonyl compounds. The process, which takes place under mild environmentally compatible conditions, is promoted by the Bronstead acid catalyst AcOH and uses O~2~ as the oxidant. Significantly, the new CDC reaction exhibits many features required for classification as a green process, including high atom economy, superior substrates scope, lack of toxic or harsh reagents, and simple purification and work-up procedures. Owing to the frequent occurrence of pyrazolo\[1,5-*a*\]pyridine and pyrido\[1,2-*b*\]indazole ring systems in drugs, the new methodology could have significance in the context of developing new pharmaceutically active substances.

Experimental Section {#sec4}
====================

General {#sec4.1}
-------

Melting points were recorded on a Griffin melting point apparatus and are uncorrected. IR spectra were recorded using KBr disks using a Jasco FT-IR-6300 spectrophotometer. ^1^H NMR (600 MHz) and ^13^C NMR (150 MHz) spectra were recorded at 25 °C using dimethyl sulfoxide (DMSO)-*d*~6~ as solvent with TMS as an internal standard on a Bruker DPX 600 superconducting NMR spectrometer. Chemical shifts are reported in ppm. Low-resolution electron impact mass spectra \[MS (EI)\] and high-resolution electron impact mass spectra \[HRMS (EI)\] were performed using a high-resolution gas chromatography-MS (DFS) thermo-spectrometer at 70.1 eV and a magnetic sector mass analyzer. Monitoring reactions and checking the homogeneity of compounds were performed using thin layer chromatography. X-ray crystal structures were determined using a Rigaku R-AXIS RAPID diffractometer and Bruker X8 Prospector, and the collection of single crystal data was made at room temperature by using Cu Kα radiation. The structures were solved by using direct methods and expanded using Fourier techniques. The nonhydrogen atoms were refined anisotropically. The structures were solved and refined using the Bruker SHELXTL Software Package (Structure solution program- SHELXS-97 and Refinement program- SHELXL-97).^[@ref81]^ Data were corrected for the absorption effects using the multiscan method (SADABS). *N*-amino-2-iminopyridines **1a**--**f** were prepared according to the literature procedure.^[@cit75d],[@ref82]^

### 2-Methyl-7-phenyl\[1,2,4\]triazolo\[1,5-*a*\]pyridine-8-carbonitrile (**3a**) {#sec4.1.1}

Recrystallized from EtOH/dioxane mixture (5:1), as yellow white crystals, yield: 0.51 g (74%), mp 155--156 °C; IR (KBr): ν/cm^--1^ 2218 (CN); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.55 (s, 3H), 7.37 (d, *J* = 6.8 Hz, 1H), 7.59--7.63 (m, 3H), 7.75 (d, *J* = 8.4 Hz, 2H), 9.19 (d, *J* = 6.8 Hz, 1H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.1, 96.4, 114.6, 114.6, 128.8, 129.0, 130.2, 132.5, 135.5, 149.1, 150.3, 165.0; MS (EI): *m*/*z* (%) 235 (M^+^ + 1, 26.78), 234 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~14~H~10~N~4~ (M^+^) 234.0899, found 234.0898.

### 7-Phenyl\[1,2,4\]triazolo\[1,5-*a*\]pyridine-8-carbonitrile (**3b**) {#sec4.1.2}

Recrystallized from EtOH/dioxane mixture (4:1), as yellow crystals, yield: 0.47 g (72%), mp 159--160 °C; IR (KBr): ν/cm^--1^ 2221 (CN); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 7.49 (d, *J* = 7.2 Hz, 1H), 7.62--7.67 (m, 3H), 7.79 (d, *J* = 8.4 Hz, 2H), 8.75 (s, 1H), 9.35 (d, *J* = 7.2 Hz, 1H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 97.6, 114.4, 115.6, 128.9, 129.0, 130.3, 133.3, 135.4, 149.6, 149.7, 155.4; MS (EI): *m*/*z* (%) 221 (M^+^ + 1, 17.65), 220 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~13~H~8~N~4~ (M^+^) 220.0743, found 220.0743.

### General Procedure for the Preparation of Pyrazolo\[1,5-*a*\]pyridines **4a**--**v**, 10, Pyrido\[1,2-*b*\]indazoles 6a**--**i and Cyclopenta\[3,4\]pyrazolo\[1,5-*a*\]pyridin-1-one **8a,b** {#sec4.1.3}

Independent solutions of 1-amino-2-imino-pyridines **1a**--**f** (3 mmol), and the 1,3-dicarbonyl compounds **2a**--**d**, **5a**,**b**, **7**, or 3-oxo-3-phenylpropionitrile **9** (3 mmol), in ethanol (10 mL) containing acetic acid (1.08 g, 6 equiv) under an O~2~ atmosphere (1 atm) were stirred at 130 °C for 18 h. Crystals formed upon cooling to room temperature were collected by filtration and recrystallized from an appropriate solvent to give pure pyrazolo\[1,5-*a*\]pyridines **4a--v, 10,** pyrido\[1,2-*b*\]indazoles **6a--i**, and cyclopenta\[3,4\]pyrazolo\[1,5-*a*\]pyridin-1-one **8a,b**.

### 7-Amino-6-cyano-2-methyl-5-phenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4a**) {#sec4.1.4}

Recrystallized from EtOH as yellow white crystals, yield: 0.90 g (94%), mp 228--229 °C; IR (KBr): ν/cm^--1^ 3454, 3325 (NH~2~), 2216 (CN), 1701 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.32 (t, *J* = 7.2 Hz, 3H), 2.62 (s, 3H), 4.30 (q, *J* = 7.2 Hz, 2H), 7.20 (s, 1H), 7.48--7.54 (m, 3H), 7.58--7.59 (m, 2H), 7.76 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 13.6, 13.7, 59.0, 75.4, 102.0, 103.8, 115.7, 127.8, 128.1, 128.5, 137.2, 141.9, 142.6, 147.4, 155.5, 162.4; MS (EI): *m*/*z* (%) 321 (M^+^ + 1, 18.95), 320 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~16~N~4~O~2~ (M^+^) 320.1268, found 320.1268.

### 7-Amino-6-cyano-2-methyl-5-*p*-tolylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4b**) {#sec4.1.5}

Recrystallized from EtOH as yellow white crystals, yield: 0.95 g (95%), mp 214--215 °C; IR (KBr): ν/cm^--1^ 3462, 3323 (NH~2~), 2216 (CN), 1703 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.29 (t, *J* = 7.2 Hz, 3H), 2.38 (s, 3H), 258 (s, 3H), 4.25 (q, *J* = 7.2 Hz, 2H), 7.11 (s, 1H), 7.32 (d, *J* = 8.4 Hz, 2H), 7.45 (d, *J* = 8.4 Hz, 2H), 8.11 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.2, 14.3, 20.8, 59.5, 75.3, 102.0, 103.6, 116.6, 128.2, 129.2, 134.7, 138.7, 142.3, 143.2, 147.9, 155.9, 162.9; MS (EI): *m*/*z* (%) 335 (M^+^ + 1, 22.08), 334 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~19~H~18~N~4~O~2~ (M^+^) 334.1424, found 334.1423.

### 7-Amino-6-cyano-5-(4-methoxyphenyl)-2-methylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4c**) {#sec4.1.6}

Recrystallized from EtOH as yellow white crystals, yield: 0.92 g (88%), mp 215--216 °C; IR (KBr): ν/cm^--1^ 3462, 3313 (NH~2~), 2218 (CN), 1699 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.30 (t, *J* = 7.2 Hz, 3H), 2.58 (s, 3H), 3.84 (s, 3H), 4.26 (q, *J* = 7.2 Hz, 2H), 7.08 (d, *J* = 8.4 Hz, 2H), 7.10 (s, 1H), 7.53 (d, *J* = 8.4 Hz, 2H), 8.10 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.2, 14.3, 55.3, 59.5, 75.4, 101.8, 103.4, 114.0, 116.7, 129.67, 129.70, 142.3, 142.9, 147.8, 155.8, 159.9, 162.9; MS (EI): *m*/*z* (%) 351 (M^+^ + 1, 22.25), 350 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~19~H~18~N~4~O~3~ (M^+^) 350.1373, found 350.1373.

### 7-Amino-5-(4-chlorophenyl)-6-cyano-2-methylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4d**) {#sec4.1.7}

Recrystallized from EtOH as yellow white crystals, yield: 0.96 g (90%), mp 245--246 °C; IR (KBr): ν/cm^--1^ 3456, 3317 (NH~2~), 2216 (CN), 1709 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.29 (t, *J* = 7.2 Hz, 3H), 2.59 (s, 3H), 4.26 (q, *J* = 7.2 Hz, 2H), 7.12 (s, 1H), 7.60 (s, 4H), 8.22 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.25, 14.28, 59.6, 75.1, 102.3, 103.8, 116.4, 128.7, 130.2, 134.0, 136.4, 141.9, 142.2, 147.9, 155.9, 162.9; MS (EI): *m*/*z* (%) 356 (M^+^ + 2, 33.12), 355 (M^+^ + 1, 20.05), 354 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~15~ClN~4~O~2~ (M^+^) 354.0878, found 354.0878.

### 7-Amino-5-(4-bromophenyl)-6-cyano-2-methylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4e**) {#sec4.1.8}

Recrystallized from EtOH/dioxane mixture (3:1), as yellow white crystals, yield: 1.00 g (84%), mp 246--247 °C; IR (KBr): ν/cm^--1^ 3448, 3325 (NH~2~), 2214 (CN), 1720 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.30 (t, *J* = 7.2 Hz, 3H), 2.60 (s, 3H), 4.27 (q, *J* = 7.2 Hz, 2H), 7.13 (s, 1H), 7.53 (d, *J* = 8.4 Hz, 2H), 7.74 (d, *J* = 8.4 Hz, 2H), 8.22 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.2, 14.3, 59.6, 75.0, 102.3, 103.7, 116.4, 122.6, 130.5, 131.6, 136.8, 141.9, 142.2, 147.9, 155.9, 162.9; MS (EI): *m*/*z* (%) 400 (M^+^ + 2, 96.33), 399 (M^+^ + 1, 19.98), 398 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~15~BrN~4~O~2~ (M^+^) 398.0373, found 398.0373.

### 7-Amino-6-cyano-5-(4-fluorophenyl)-2-methylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4f**) {#sec4.1.9}

Recrystallized from EtOH/dioxane mixture (4:1), as white crystals, yield: 0.80 g (78%), mp 199--200 °C; IR (KBr): ν/cm^--1^ 3451, 3321 (NH~2~), 2216 (CN), 1707 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.30 (t, *J* = 7.2 Hz, 3H), 2.61 (s, 3H), 4.28 (q, *J* = 7.2 Hz, 2H), 7.14 (s, 1H), 7.36--7.39 (m, 2H), 7.63--7.65 (m, 2H), 8.20 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.76, 14.79, 60.1, 75.9, 102.7, 104.3, (116.04, 116.18) (d, ^2^*J*~CF~ = 21.0 Hz), 117.0, (131.08, 131.14) (d, ^3^*J*~CF~ = 9.0 Hz), (134.47, 134.49) (d, ^4^*J*~CF~ = 3.0 Hz), 142.69, 142.73, 148.4, 156.4, (162.22, 163.85 ppm) (d, ^1^*J*~CF~ = 244.5 Hz), 163.4; MS (EI): *m*/*z* (%) 339 (M^+^ + 1, 23.89), 338 (M+, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~15~FN~4~O~2~ (M^+^) 338.1174, found 338.1175.

### 7-Amino-6-cyano-2,5-diphenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4g**) {#sec4.1.10}

Recrystallized from EtOH/DMF mixture (3:1), as buff crystals, yield: 0.94 g (82%), mp 201--202 °C; IR (KBr): ν/cm^--1^ 3444, 3323 (NH~2~), 2212 (CN), 1687 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.18 (t, *J* = 7.2 Hz, 3H), 4.20 (q, *J* = 7.2 Hz, 2H), 7.29 (s, 1H), 7.48--7.50 (m, 4H), 7.52--7.54 (m, 3H), 7.55 (d, *J* = 8.4 Hz, 2H), 7.80--7.82 (m, 2H), 8.29 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.0, 59.7, 75.8, 101.6, 104.4, 116.4, 124.2, 127.6, 128.3, 128.7, 129.1, 129.9, 131.9, 137.6, 142.9, 143.3, 148.2, 156.9, 162.4; MS (EI): *m*/*z* (%) 383 (M^+^ + 1, 19.98), 382 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~23~H~18~N~4~O~2~ (M^+^) 382.1424, found 382.1424.

### 7-Amino-6-cyano-2-phenyl-5-*p*-tolylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4h**) {#sec4.1.11}

Recrystallized from EtOH/DMF mixture (3:1), as pale yellow crystals, yield: 1.00 g (87%), mp 273--274 °C; IR (KBr): ν/cm^--1^ 3460, 3323 (NH~2~), 2216 (CN), 1714 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.18 (t, *J* = 7.2 Hz, 3H), 2.40 (s, 3H), 4.19 (q, *J* = 7.2 Hz, 2H), 7.27 (s, 1H), 7.36 (d, *J* = 7.8 Hz, 2H), 7.48--7.52 (m, 5H), 7.80--7.81 (m, 2H), 8.26 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.0, 20.8, 59.7, 75.8, 101.5, 104.2, 116.5, 127.6, 128.2, 129.1, 129.3, 129.9, 131.9, 134.7, 138.8, 143.0, 143.4, 148.2, 156.9, 162.4; MS (EI): *m*/*z* (%) 397 (M^+^ + 1, 24.15), 3 96 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~24~H~20~N~4~O~2~ (M^+^) 396.1581, found 396.1580.

### 7-Amino-6-cyano-5-(4-methoxyphenyl)-2-phenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester (**4i**) {#sec4.1.12}

Recrystallized from EtOH/DMF mixture (3:1), as yellow crystals, yield: 1.05 g (85%), mp 260--261 °C; IR (KBr): ν/cm^--1^ 3438, 3321 (NH~2~), 2212 (CN), 1714 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.18 (t, *J* = 7.2 Hz, 3H), 3.84 (s, 3H), 4.19 (q, *J* = 7.2 Hz, 2H), 7.10 (d, *J* = 9.0 Hz, 2H), 7.25 (s, 1H), 7.47--7.49 (m, 3H), 7.56 (d, *J* = 9.0 Hz, 2H), 7.79--7.80 (m, 2H), 8.23 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.0, 55.3, 59.7, 75.8, 101.3, 104.0, 114.1, 116.6, 127.6, 129.1, 129.70, 129.71, 129.9, 131.9, 143.0, 143.1, 148.1, 156.9, 160.0, 162.4; MS (EI): *m*/*z* (%) 413 (M^+^ + 1, 27.84), 412 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~24~H~20~N~4~O~3~ (M^+^) 412.1530, found 412.1529. Crystal data, moiety formula: C~24~H~20~N~4~O~3~, *M* = 412.44, triclinic, *a* = 8.2355(3) Å, *b* = 10.4603(4) Å, *c* = 12.9164(4) Å, *V* = 1021.68(6) Å^3^, α = 105.604(2)°, β = 90.933(2)°, γ = 106.617(2)°, space group: *P*1̅, *Z* = 2, *D*~calc~ = 1.341 g·cm^--3^, no. of reflection measured 3541, θ~max~ = 66.56°, *R*1 = 0.0435 (CCDC 1916934).^[@ref83]^

### 7-Amino-5-(4-chlorophenyl)-6-cyano-2-phenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester(**4j**) {#sec4.1.13}

Recrystallized from EtOH/DMF mixture (3:1), as buff crystals, yield: 0.95 g (76%), mp 291--292 °C; IR (KBr): ν/cm^--1^ 3435, 3307 (NH~2~), 2218 (CN), 1714 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.18 (t, *J* = 7.2 Hz, 3H), 4.21 (q, *J* = 7.2 Hz, 2H), 7.28 (s, 1H), 7.49--7.51 (m, 3H), 7.63--7.66 (m, 4H), 7.95 (d, *J* = 8.4 Hz, 2H), 8.34 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.0, 59.8, 75.6, 101.8, 104.4, 116.3, 127.6, 128.7, 129.2, 129.9, 130.3, 131.8, 134.0, 136.4, 142.0, 142.9, 148.2, 156.9, 162.4; MS (EI): *m*/*z* (%) 418 (M^+^ + 2, 30.58), 417 (M^+^ + 1, 22.89), 416 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~23~H~17~ClN~4~O~2~ (M^+^) 416.1035, found 416.1035.

### 7-Amino-5-(4-bromophenyl)-6-cyano-2-phenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester(**4k**) {#sec4.1.14}

Recrystallized from EtOH/DMF mixture (3:1), as buff crystals, yield: 1.05 g (77%), mp 259--260 °C; IR (KBr): ν/cm^--1^ 3429, 3309 (NH~2~), 2216 (CN), 1714 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.18 (t, *J* = 7.2 Hz, 3H), 4.20 (q, *J* = 7.2 Hz, 2H), 7.28 (s, 1H), 7.48--7.50 (m, 3H), 7.57 (d, *J* = 8.4 Hz, 2H), 7.76 (d, *J* = 8.4 Hz, 2H), 7.80--7.81 (m, 2H), 8.33 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.0, 59.8, 75.5, 101.8, 104.4, 116.3, 122.7, 127.6, 129.2, 129.9, 130.5, 131.7, 131.8, 136.8, 142.1, 142.9, 148.2, 156.9, 162.4; MS (EI): *m*/*z* (%) 462 (M^+^ + 2, 99.87), 461 (M^+^ + 1, 26.95), 460 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~23~H~17~BrN~4~O~2~ (M^+^) 460.0529, found 460.0528.

### 7-Amino-5-(4-fluorophenyl)-6-cyano-2-phenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid ethyl ester(**4l**) {#sec4.1.15}

Recrystallized from EtOH/dioxane mixture (1:1), as yellow white crystals, yield: 0.88 g (73%), mp 234--235 °C; IR (KBr): ν/cm^--1^ 3444, 3311 (NH~2~), 2222 (CN), 1714 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.19 (t, *J* = 7.2 Hz, 3H), 4.22 (q, *J* = 7.2 Hz, 2H), 7.28 (s, 1H), 7.41 (t, *J* = 9.0 Hz, 2H), 7.49--7.51 (m, 3H), 7.67--7.70 (m, 2H), 7.81--7.83 (m, 2H), 8.30 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 14.0, 59.7, 75.8, 101.7, 104.4, (115.59, 115.73) (d, ^2^*J*~CF~ = 21.0 Hz), 116.4, 127.6, 129.2, 129.9, (130.62, 130.68) (d, ^3^*J*~CF~ = 9.0 Hz), 131.9, (133.97, 133.99) (d, ^4^*J*~CF~ = 3.0 Hz), 142.3, 142.9, 148.1, 156.9 (161.76, 163.40 ppm) (d, ^1^*J*~CF~ = 246 Hz), 162.4; MS (EI): *m*/*z* (%) 401 (M^+^ + 1, 21.89), 400 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~23~H~17~FN~4~O~2~ (M^+^) 400.1330, found 400.1330.

### 7-Amino-6-cyano-2-ethyl-5-phenylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid methyl ester (**4m**) {#sec4.1.16}

Recrystallized from EtOH as pale yellow crystals, yield: 0.85 g (89%), mp 209--210 °C; IR (KBr): ν/cm^--1^ 3452, 3309 (NH~2~), 2218 (CN), 1705 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.29 (t, *J* = 7.2 Hz, 3H), 3.02 (q, *J* = 7.2 Hz, 2H), 3.80 (s, 3H), 7.13 (s, 1H), 7.50--7.57 (m, 5H), 8.14 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 12.9, 21.3, 51.0, 75.4, 101.2, 104.0, 116.5, 128.4, 128.6, 129.0, 137.6, 142.3, 143.2, 147.9, 161.0, 163.2; MS (EI): *m*/*z* (%) 321 (M^+^ + 1, 18.15), 320 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~16~N~4~O~2~ (M^+^) 320.1268, found 320.1267.

### 7-Amino-6-cyano-2-ethyl-5-*p*-tolylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid methyl ester (**4n**) {#sec4.1.17}

Recrystallized from EtOH as yellow crystals, yield: 0.90 g (91%), mp 220--221 °C; IR (KBr): ν/cm^--1^ 3462, 3329 (NH~2~), 2212 (CN), 1705 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.27 (t, *J* = 7.2 Hz, 3H), 2.37 (s, 3H), 3.00 (q, *J* = 7.2 Hz, 2H), 3.79 (s, 3H), 7.09 (s, 1H), 7.30 (d, *J* = 7.8 Hz, 2H), 7.42 (d, *J* = 7.8 Hz, 2H), 8.07 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 12.8, 20.8, 21.3, 51.0, 75.4, 101.0, 103.8, 116.6, 128.2, 129.1, 134.7, 138.6, 142.3, 143.1, 147.9, 160.9, 163.1; MS (EI): *m*/*z* (%) 335 (M^+^ + 1, 22.45), 334 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~19~H~18~N~4~O~2~ (M^+^) 334.1424, found 334.1425.

### 7-Amino-6-cyano-2-ethyl-5-(4-methoxyphenyl)pyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid methyl ester (**4o**) {#sec4.1.18}

Recrystallized from EtOH as yellow crystals, yield: 0.88 g (84%), mp 198--199 °C; IR (KBr): ν/cm^--1^ 3471, 3363 (NH~2~), 2206 (CN), 1716 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.28 (t, *J* = 7.2 Hz, 3H), 3.00 (q, *J* = 7.2 Hz, 2H), 3.80 (s, 3H), 3.83 (s, 3H), 7.06--7.08 (m, 3H), 7.50 (d, *J* = 8.4 Hz, 2H), 8.05 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 12.8, 21.3, 51.0, 55.2, 75.4, 100.9, 103.6, 114.0, 116.7, 129.7, 142.3, 142.9, 147.9, 159.9, 160.9, 163.1; MS (EI): *m*/*z* (%) 351 (M^+^ + 1, 18.74), 350 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~19~H~18~N~4~O~3~ (M^+^) 350.1373, found 350.1373.

### 7-Amino-5-(4-chlorophenyl)-6-cyano-2-ethylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid methyl ester (**4p**) {#sec4.1.19}

Recrystallized from EtOH/dioxane mixture (2:1), as canary yellow crystals, yield: 0.99 g (93%), mp 238--239 °C; IR (KBr): ν/cm--13462, 3344 (NH~2~), 2212 (CN), 1714 cm^--1^ (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.29 (t, *J* = 7.2 Hz, 3H), 3.01 (q, *J* = 7.2 Hz, 2H), 3.80 (s, 3H), 7.13 (s, 1H), 7.59 (s, 4H), 8.20 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 12.9, 21.3, 51.0, 75.2, 101.4, 104.0, 116.3, 128.6, 130.2, 133.9, 136.4, 141.9, 142.2, 147.9 161.0, 163.1; MS (EI): *m*/*z* (%) 356 (M^+^ + 2, 31.08), 355 (M^+^ + 1, 20.13), 354 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~15~ ClN~4~O~2~ (M^+^) 354.0878, found 354.0879.

### 7-Amino-5-(4-bromophenyl)-6-cyano-2-ethylpyrazolo\[1,5-*a*\]pyridine-3-carboxylic acid methyl ester (**4q**) {#sec4.1.20}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow crystals, yield: 1.05 g (90%), mp 247--248 °C; IR (KBr): ν/cm^--1^ 3441, 3311 (NH~2~), 2216 (CN), 1703 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.29 (t, *J* = 7.2 Hz, 3H), 3.01 (q, *J* = 7.2 Hz, 2H), 3.81 (s, 3H), 7.12 (s, 1H), 7.51 (d, *J* = 8.4 Hz, 2H), 7.72 (d, *J* = 8.4 Hz, 2H), 8.18 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 12.9, 21.3, 51.0, 75.1, 101.4, 103.9, 116.4, 122.6, 130.5, 131.6, 136.7, 141.9, 142.2, 147.9 161.0, 163.1; MS (EI): *m*/*z* (%) 400 (M^+^ + 2, 99.62), 399 (M^+^ + 1, 18.78), 398 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~15~ BrN~4~O~2~ (M^+^) 398.0373, found 398.0374.

### 3-Acetyl-7-amino-2-methyl-5-phenylpyrazolo\[1,5-*a*\]pyridine-6-carbonitrile (**4r**) {#sec4.1.21}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow crystals, yield: 0.70 g (81%), mp 244--245 °C; IR (KBr): ν/cm^--1^ 3458, 3330 (NH~2~), 2212 (CN), 1649 cm^--1^ (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.51 (s, 3H), 2.65 (s, 3H), 7.27 (s, 1H), 7.50--7.55 (m, 3H), 7.59--7.61 (m, 2H), 8.16 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 15.4, 30.5, 75.7, 104.3, 112.1, 116.4, 128.4, 128.6, 129.0, 137.5, 141.9, 143.7, 147.7, 155.2, 191.7; MS (EI): *m*/*z* (%) 291 (M^+^ + 1, 9.18), 290 (M^+^, 46.05), 275 (M^+^-15, 100). HRMS (EI): *m*/*z* calcd. for C~17~H~14~N~4~O (M^+^) 290.1162, found 290.1162. Crystal data, moiety formula: C~17~H~14~N~4~O, *M* = 290.32 monoclinic, *a* = 4.3144(6) Å, *b* = 10.7340(12) Å, *c* = 31.118(5) Å, *V* = 1441.0(3) Å^3^, α = γ = 90°, β = 90.599(6)°, space group: *P*2~1~/*n* (\#14), *Z* = 4, *D*~calc~ = 1.338 g·cm^--3^, no. of reflection measured 3034, 2θ~max~ = 50.10°, *R*1 = 0.0783 (ref CCDC 1940357).^[@ref83]^

### 3-Acetyl-7-amino-2-methyl-5-*p*-tolylpyrazolo\[1,5-*a*\]pyridine-6-carbonitrile (**4s**) {#sec4.1.22}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow crystals, yield: 0.75 g (83%), mp above 300 °C; IR (KBr): ν/cm^--1^ 3464, 3330 (NH~2~), 2216 (CN), 1651 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.39 (s, 3H), 2.52 (s, 3H), 2.66 (s, 3H), 7.27 (s, 1H), 7.33 (d, *J* = 7.8 Hz, 2H), 7.50 (d, *J* = 7.8 Hz, 2H), 8.15 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 15.4, 20.8, 30.5, 75.7, 104.1, 112.0, 116.5, 128.3, 129.2, 134.7, 138.7, 142.0, 143.8, 147.7, 155.2, 191.7; MS (EI): *m*/*z* (%) 305 (M^+^ + 1, 12.36), 304 (M^+^, 52.12), 289 (M^+^-15, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~16~N~4~O (M^+^) 304.1319, found 304.1319.

### 3-Acetyl-7-amino-5-(4-chlorophenyl)-2-methylpyrazolo\[1,5-*a*\]pyridine-6-carbonitrile (**4t**) {#sec4.1.23}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow crystals, yield: 0.86 g (89%), mp 272--273 °C; IR (KBr): ν/cm^--1^ 3438, 3309 (NH~2~), 2220 (CN), 1653 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.52 (s, 3H), 2.66 (s, 3H), 7.27 (s, 1H), 7.59--7.64 (m, 4H), 8.22 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 15.4, 30.5, 75.4, 104.3, 112.2, 116.3, 128.6, 130.3, 134.0, 136.3, 141.9, 142.4, 147.7, 155.2, 191.8; MS (EI): *m*/*z* (%) 326 (M^+^ + 2, 15.12), 325 (M^+^ + 1, 9.13), 324 (M^+^, 46.78), 309 (M^+^ -- 15, 100). HRMS (EI): *m*/*z* calcd. for C~17~H~13~ClN~4~O (M^+^) 324.0772, found 324.0772.

### 3-Acetyl-7-amino-5-(4-bromophenyl)-2-methylpyrazolo\[1,5-*a*\]pyridine-6-carbonitrile (**4u**) {#sec4.1.24}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow white crystals, yield: 0.95 g (87%), mp 284--285 °C; IR (KBr): ν/cm^--1^ 3433, 3311 (NH~2~), 2218 (CN), 1653 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.52 (s, 3H), 2.66 (s, 3H), 7.27 (s, 1H), 7.56 (d, *J* = 8.4 Hz, 2H), 7.74 (d, *J* = 7.8 Hz, 2H), 8.22 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 15.4, 30.6, 75.6, 104.2, 112.2, 116.3, 122.6, 130.6, 131.6, 136.7, 141.9, 142.4, 147.7, 155.2, 191.8; MS (EI): *m*/*z* (%) 370 (M^+^ + 2, 57.12), 369 (M^+^ + 1, 11.13), 368 (M^+^, 57.33), 353 (M^+^ -- 15, 100). HRMS (EI): *m*/*z* calcd. for C~17~H~13~BrN~4~O (M^+^) 368.0267, found 368.0267.

### 3-Acetyl-7-amino-5-(4-flurophenyl)-2-methylpyrazolo\[1,5-*a*\]pyridine-6-carbonitrile (**4v**) {#sec4.1.25}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow white crystals, yield: 0.74 g (80%), mp 223--224 °C; IR (KBr): ν/cm^--1^ 3444, 3323 (NH~2~), 2218 (CN), 1651 cm^--1^ (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.51 (s, 3H), 2.64 (s, 3H), 7.24 (s, 1H), 7.35--7.38 (m, 2H), 7.64--7.66 (m, 2H), 8.17 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 15.4, 30.5, 75.7, 104.3, 112.1, (115.46, 115.60) (d, ^2^*J*~CF~ = 21.0 Hz), 116.4, (130.66, 130.71) (d, ^3^*J*~CF~ = 7.5 Hz), (133.89, 133.91) (d, ^4^*J*~CF~ = 3.0 Hz), 141.9, 142.6, 147.6, 155.2, (161.74, 163.37 ppm) (d, ^1^*J*~CF~ = 244.5 Hz) and 191.7 ppm (CN, Ar--C and CO); MS (EI): *m*/*z* (%) 309 (M^+^ + 1, 8.24), 308 (M^+^, 43.89), 293 (M^+^ -- 15, 100). HRMS (EI): *m*/*z* calcd. for C~17~H~13~FN~4~O (M^+^) 308.1068, found 308.1068.

### 7-Amino-3,3-dimethyl-1-oxo-9-phenyl-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6a**) {#sec4.1.26}

Recrystallized from EtOH/dioxane mixture (3:1), as yellow crystals, yield: 0.82 g (83%), mp 272--273 °C; IR (KBr): ν/cm^--1^ 3435, 3291 (NH~2~), 2212 (CN), 1660 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.08 (s, 6H), 2.40 (s, 2H), 2.88 (s, 2H), 7.14 (s, 1H), 7.52--7.56 (m, 3H), 7.60--7.61 (m, 2H), 8.25 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 28.0, 34.9, 36.3, 51.9, 76.6, 103.3, 108.2, 116.3, 128.3, 128.6, 129.2, 137.2, 139.1, 144.8, 148.1, 160.7, 191.9; MS (EI): *m*/*z* (%) 331 (M^+^ + 1, 19.04), 330 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~20~H~18~N~4~O (M^+^) 330.1475, found 330.1476. Crystal data, moiety formula: C~20~H~18~N~4~O, *M* = 330.39, monoclinic, *a* = 5.9727(5) Å, *b* = 25.0246(18) Å, *c* = 11.9182(9) Å, *V* = 1727.8(2) Å^3^, α = γ = 90°, β = 104.090(7)°, space group: *P*2~1~/*c*, *Z* = 4, *D*~calc~ = 1.270 g·cm^--3^, no. of reflections measured 3034, 2θ~max~ = 50.10°, *R*1 = 0.0441 (CCDC 1916935).^[@ref83]^

### 7-Amino-3,3-dimethyl-1-oxo-9-*p*-tolyl-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6b**) {#sec4.1.27}

Recrystallized from EtOH/dioxane mixture (3:1), as yellow white crystals, yield: 0.82 g (79%), mp 261--262 °C; IR (KBr): ν/cm^--1^ 3444, 3292 (NH~2~), 2214 (CN), 1658 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.07 (s, 6H), 2.38 (s, 2H), 2.39 (s, 3H), 2.86 (s, 2H), 7.11 (s, 1H), 7.33 (d, *J* = 8.4 Hz, 2H), 7.49 (d, *J* = 8.4 Hz, 2H), 8.25 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 20.8, 28.0, 34.9, 36.3, 51.9, 76.6, 103.1, 108.1, 116.4, 128.2, 129.2, 134.3, 138.8, 139.7, 144.9, 148.1, 160.7, 191.8; MS (EI): *m*/*z* (%) 345 (M^+^ + 1, 23.87), 344 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~21~H~20~N~4~O (M^+^) 344.1632, found 344.1632.

### 7-Amino-9-(4-chlorophenyl)-3,3-dimethyl-1-oxo-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6c**) {#sec4.1.28}

Recrystallized from EtOH/dioxane mixture (3:1), as yellow crystals, yield: 0.93 g (85%), mp 223--224 °C; IR (KBr): ν/cm^--1^ 3346, 3290 (NH~2~), 2214 (CN), 1655 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.07 (s, 6H), 2.39 (s, 2H), 2.87 (s, 2H), 7.12 (s, 1H), 7.59--7.63 (m, 4H), 8.32 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 27.8, 34.6, 36.3, 51.9, 76.4, 103.4, 108.3, 115.9, 128.5, 130.0, 133.9, 135.9, 139.0, 143.3, 147.9, 160.6, 191.6; MS (EI): *m*/*z* (%) 366 (M^+^ + 2, 33.16), 365 (M^+^ + 1, 23.09), 364 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~20~H~17~ClN~4~O (M^+^) 364.1085, found 364.1085. Crystal data, sum formula: C~22~H~23~ClN~4~O~2~S, moiety formula: C~24~H~22~N~6~O, *M* = 364.84, monoclinic, *a* = 5.8529(2) Å, *b* = 19.0224(6) Å, *c* = 20.2441(6) Å, *V* = 2251.86(12) Å^3^, α = γ = 90°, β = 92.438(2)°, space group *P*12~1~/*c*1, *Z* = 4, *D*~calc~ = 1.307 g·cm^--3^, no. of reflections measured: 3821, θ~max~ = 66.54°, *R*1 = 0.0804 (CCDC 1916936).^[@ref83]^

### 7-Amino-9-(4-bromophenyl)-3,3-dimethyl-1-oxo-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6d**) {#sec4.1.29}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow crystals, yield: 1.06 g (87%), mp 274--275 °C; IR (KBr): ν/cm^--1^ 3444, 3288 (NH~2~), 2214 (CN), 1655 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.11 (s, 6H), 2.41 (s, 2H), 2.90 (s, 2H), 7.21 (s, 1H), 7.56 (d, *J* = 8.4 Hz, 2H), 7.72 (d, *J* = 8.4 Hz, 2H), 7.90 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 27.5, 34.3, 36.2, 51.8, 76.4, 103.4, 108.1, 115.4, 122.2, 129.9, 131.1, 136.1, 138.7, 142.9, 147.6, 160.3, 191.1; MS (EI): *m*/*z* (%) 410 (M^+^ + 2, 99.97), 409 (M^+^ + 1, 21.73), 408 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~20~H~17~BrN~4~O (M^+^) 408.0580, found 408.0581. Crystal data, moiety formula: C~20~H~17~BrN~4~O, *M* = 409.29, monoclinic, *a* = 6.7934(7) Å, *b* = 29.438(3) Å, *c* = 9.5955(9) Å, *V* = 1880.3(3) Å^3^, α = γ = 90°, β = 101.519(7)°, space group *P*2~1~/*c*, *Z* = 4, *D*~calc~ = 1.446 g·cm^--3^, no. of reflections measured: 3294, θ~max~ = 25.007°, *R*1 = 0.0701 (CCDC 1916937).^[@ref83]^

### 7-Amino-9-(4-fluorophenyl)-3,3-dimethyl-1-oxo-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6e**) {#sec4.1.30}

Recrystallized from EtOH as yellow crystals, yield: 0.88 g (84%), mp 224--225 °C; IR (KBr): ν/cm^--1^ 3480, 3324 (NH~2~), 2216 (CN), 1653 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 1.09 (s, 6H), 2.40 (s, 2H), 2.88 (s, 2H), 7.13 (s, 1H), 7.36--7.39 (m, 2H), 7.65--7.68 (m, 2H), 8.26 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 28.0, 34.9, 36.3, 51.9, 76.6, 103.4, 108.6, (115.56, 115.70) (d, ^2^*J*~CF~ = 21.0 Hz), 116.3, (130.65, 130.71) (d, ^3^*J*~CF~ = 9.0 Hz), (133.63, 133.65) (d, ^4^*J*~CF~ = 3.0 Hz), 139.2, 143.8, 148.0, 160.7, (161.80, 163.43 ppm) (d, ^1^*J*~CF~ = 244.5 Hz), 191.9; MS (EI): *m*/*z* (%) 349 (M^+^ + 1, 38.95), 348 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~20~H~17~FN~4~O (M^+^) 348.1381, found 348.1381.

### 7-Amino-1-oxo-9-phenyl-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6f**) {#sec4.1.31}

Recrystallized from EtOH/dioxane mixture (3:1), as yellow crystals, yield: 0.78 g (86%), mp 261--262 °C; IR (KBr): ν/cm^--1^ 3429, 3298 (NH~2~), 2213 (CN), 1654 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.14 (pentet, *J* = 6.0 Hz, 2H), 2.50 (t, *J* = 6.0 Hz, 2H), 2.99 (t, *J* = 6.0 Hz, 2H), 7.16 (s, 1H), 7.53--7.57 (m, 3H), 7.60--7.62 (m, 2H), 8.29 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 22.8, 23.1, 38.1, 76.7, 103.4, 109.4, 116.3, 128.4, 128.7, 129.2, 137.2, 139.4, 144.8, 148.0, 161.6, 192.6; MS (EI): *m*/*z* (%) 303 (M^+^ + 1, 21.72), 302 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~14~N~4~O (M^+^) 302.1162, found 302.1162.

### 7-Amino-9-(4-chlorophenyl)-1-oxo-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6g**) {#sec4.1.32}

Recrystallized from EtOH/dioxane mixture (3:1), as yellow crystals, yield: 0.91 g (90%), mp 299--300 °C; IR (KBr): ν/cm^--1^ 3435, 3319 (NH~2~), 2214 (CN), 1655 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.11 (pentet, *J* = 6.0 Hz, 2H), 2.48 (t, *J* = 6.0 Hz, 2H), 2.97 (t, *J* = 6.0 Hz, 2H), 7.11 (s, 1H), 7.58--7.62 (m, 4H), 8.31 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 22.8, 23.1, 38.1, 76.5, 103.4, 109.5, 116.2, 128.7, 130.3, 134.1, 136.0, 139.2, 143.4, 148.0, 161.6, 192.6; MS (EI): *m*/*z* (%) 338 (M^+^ + 2, 32.78), 337 (M^+^ + 1, 21.27), 336 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~13~ClN~4~O (M^+^) 336.0772, found 336.0772.

### 7-Amino-9-(4-bromophenyl)-1-oxo-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6h**) {#sec4.1.33}

Recrystallized from EtOH/dioxane mixture (2:1), as canary yellow crystals, yield: 1.00 g (88%), mp 295--296 °C; IR (KBr): ν/cm^--1^ 3429, 3328 (NH~2~), 2212 (CN), 1655 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.12 (pentet, *J* = 6.0 Hz, 2H), 2.48 (t, *J* = 6.0 Hz, 2H), 2.98 (t, *J* = 6.0 Hz, 2H), 7.12 (s, 1H), 7.55 (d, *J* = 8.4 Hz, 2H), 7.74 (d, *J* = 8.4 Hz, 2H), 8.32 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 22.8, 23.1, 38.1, 76.4, 103.3, 109.5, 116.2, 122.8, 130.5, 131.6, 136.4, 139.3, 143.5, 148.0, 161.6, 192.6; MS (EI): *m*/*z* (%) 382 (M^+^ + 2, 99.65), 381 (M^+^ + 1, 20.08), 380 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~13~BrN~4~O (M^+^) 380.0267, found 380.0269.

### 7-Amino-9-(4-fluorophenyl)-1-oxo-1,2,3,4-tetrahydropyrido\[1,2-*b*\]indazole-8-carbonitrile (**6i**) {#sec4.1.34}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow crystals, yield: 0.77 g (80%), mp 275--276 °C; IR (KBr): ν/cm^--1^ 3436, 3294 (NH~2~), 2214 (CN), 1656 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.13 (pentet, *J* = 6.0 Hz, 2H), 2.50 (t, *J* = 6.0 Hz, 2H), 2.99 (t, *J* = 6.0 Hz, 2H), 7.14 (s, 1H), 7.37--7.41 (m, 2H), 7.65--7.68 (m, 2H), 8.31 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 22.8, 23.1, 38.1, 76.7, 103.4, 109.4, (115.56, 115.71) (d, ^2^*J*~CF~ = 22.5 Hz), 116.3, (130.66, 130.71) (d, ^3^*J*~CF~ = 7.5 Hz), (133.60, 133.62) (d, ^4^*J*~CF~ = 3.0 Hz), 139.3, 143.8, 148.0, 161.6, (161.80, 163.43) (d, ^1^*J*~CF~ = 244.5 Hz), 192.6; MS (EI): 321 (M^+^ + 1, 21.02), 320 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~18~H~13~FN~4~O (M^+^) 320.1068, found 320.1067.

### 6-Amino-1-oxo-8-phenyl-2,3-dihydro-1*H*-cyclopenta\[3,4\]pyrazolo\[1,5-*a*\]pyridine-7-carbonitrile (**8a**) {#sec4.1.35}

Recrystallized from EtOH/dioxane mixture (1:1), as pale yellow crystals, yield: 0.62 g (72%), mp 231--232 °C; IR (KBr): ν/cm^--1^ 3413, 3288 (NH~2~), 2215 (CN), 1652 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.62 (t, *J* = 6.0 Hz, 2H), 2.89 (t, *J* = 6.0 Hz, 2H), 7.13 (s, 1H), 7.55--7.59 (m, 3H), 7.69--7.72 (m, 2H), 8.33 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 24.9, 33.5, 76.3, 103.7, 109.5, 116.4, 128.5, 129.0, 129.4, 136.9, 139.1, 144.5, 147.9, 161.5, 192.1; MS (EI): *m*/*z* (%) 289 (M^+^ + 1, 26.01), 288 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~17~H~12~N~4~O (M^+^) 288.1006, found 288.1005.

### 6-Amino-8-(4-chlorophenyl)-1-oxo-2,3-dihydro-1H-cyclopenta\[3,4\]pyrazolo\[1,5-*a*\]pyridine-7-carbonitrile (**8b**) {#sec4.1.36}

Recrystallized from EtOH/dioxane mixture (2:1), as yellow crystals, yield: 0.71 g (74%), mp 253--254 °C; IR (KBr): ν/cm^--1^ 3422, 3314 (NH~2~), 2216 (CN), 1656 (CO); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 2.59 (t, *J* = 6.0 Hz, 2H), 2.83 (t, *J* = 6.0 Hz, 2H), 7.14 (s, 1H), 7.61--7.63 (m, 4H), 8.36 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 24.7, 33.3, 76.7, 103.5, 109.8, 115.9, 129.0, 129.9, 134.2, 135.9, 139.5, 143.1, 147.8, 161.5, 192.2; MS (EI): *m*/*z* (%) 324 (M^+^ + 2, 36.02), 323 (M^+^ + 1, 24.15), 322 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~17~H~11~ClN~4~O (M^+^) 322.0616, found 322.0617

### 7-Amino-5-(4-chlorophenyl)-2-phenyl*H*-pyrazolo\[1,5-*a*\]pyridine-3,6-dicarbonitrile (**10**) {#sec4.1.37}

Recrystallized from dioxane, as beige crystals, yield: 0.76 g (69%), mp 270--271 °C; IR (KBr): ν/cm^--1^ 3415, 3298 (NH~2~), 2214, 2219 (2CN); ^1^H NMR (600 MHz, DMSO-*d*~6~): δ 7.35 (s, 1H), 7.44--7.47 (m, 3H), 7.65--7.67 (m, 4H), 7.91 (d, *J* = 8.4 Hz, 2H), 8.36 (s, 2H); ^13^C{^1^H} NMR (150 MHz, DMSO-*d*~6~): δ 76.1, 102.0, 113.6, 116.2, 127.8, 128.5, 129.6, 129.8, 130.8, 132.0, 133.8, 136.6, 141.9, 143.0, 148.5, 156.8, 162.8; MS (EI): *m*/*z* (%) 371 (M^+^ + 2, 33.26), 370 (M^+^ + 1, 23.12), 369 (M^+^, 100). HRMS (EI): *m*/*z* calcd. for C~21~H~12~ClN~5~ (M^+^) 369.0776, found 369.0776.
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